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©  Process  for  continuous  production  of  ethylene-vinyl  acetate  copolymer. 
  An  improved  process  for  continuously  producing 
ethylene-vinyl  acetate  copolymer  containing  20  to  50  mol% 
of  ethylene  is  provided.  The  process  of this  invention  permits 
the  stable  production  of  the  copolymer  over  a  long  period  of 
time. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  p r o c e s s   f o r  

p r o d u c i n g   e t h y l e n e - v i n y l   a c e t a t e   c o p o l y m e r   c o n t i n u o u s l y  

in  t he   v e r y   s t a b l e   m a n n e r   o v e r   a  long  p e r i o d   of  t i m e .  

Much  has   been   s t u d i e d   so  f a r   on  the   t e c h n o l o g y   t h a t  

p e r m i t s   s t a b l e   p r o d u c t i o n   of  e t h y l e n e - v i n y l   a c e t a t e  

c o p o l y m e r   o v e r   a  long  p e r i o d   of  t i m e ;   bu t   no  s a t s i f a c t o r y  

one  has   been   f o u n d .   The  key  to  t he   s t a b l e   c o n t i n u o u s  

o p e r a t i o n   is  how  to  remove  a  l a r g e   amoun t   of  r e a c t i o n  

h e a t   g e n e r a t e d   d u r i n g   the   c o p o l y m e r i z a t i o n   of  e t h y l e n e  

and  v i n y l   a c e t a t e .   T h e r e   a r e   s e v e r a l   ways  of  r e m o v i n g  

the   r e a c t i o n   h e a t .   In  one  way,   r e a c t i o n   h e a t   is   r e m o v e d  

by  means   of  a  j a c k e t   and  c o i l   p r o v i d e d  o n   and  in  t h e  

p o l y m e r i z a t i o n   v e s s e l .   In  a n o t h e r   way,   r e a c t i o n   h e a t   i s  

r e m o v e d   by  c i r c u l a t i n g   t h e   r e a c t i o n   l i q u i d   t h r o u g h   a  

c o o l e r   i n s t a l l e d   o u t s i d e   t h e   v e s s e l .   In  s t i l l   a n o t h e r  

way,   r e a c t i o n   h e a t   is   r e m o v e d   by  i n t r o d u c i n g   e t h y l e n e  

g a s ,   which   is   p r e s e n t   in  t he   u p p e r   s p a c e   of  t h e   v e s s e l ,  

i n t o   a  c o o l e r   i n s t a l l e d   o u t s i d e   t he   v e s s e l ,   and  r e t u r n i n g  

the   c o o l e d   or  c o n d e n s e d   e t h y l e n e   to  t he   v e s s e l .  T h e s e   methods 



h o w e v e r ,   have   t he   f o l l o w i n g   d r a w b a c k s .  

(1)  D r a w b a c k s   i n v o l v e d   in  t h e   way  of  r e m o v i n g   r e a c t i o n  

h e a t   by  m e a n s   of  j a c k e t   and  c o i l   a t t a c h e d   t o  

the   p o l y m e r i z a t i o n   v e s s e l .  

(a)  W i t h   t h e   l a p s e   of  o p e r a t i o n   t i m e ,   p o l y m e r  

d e p o s i t s   on  t h e   s u r f a c e s   of  t h e   j a c k e t   and  c o i l ,   r e d u c i n g  

t h e i r   c a p a b i l i t y   o f   h e a t   c o n d u c t i o n .   To  c o n t i n u e   o p e r a t i o n ,  

t he   p o l y m e r   d e p o s i t   has   to  be  washed   ou t   f rom  the   j a c k e t  

and  c o i l .   T h i s   r e q u i r e s   p e r i o d i c   s h u t - d o w n .  

(b)  The  f l o w   of  t he   r e a c t i o n   l i q u i d   i s   i n e v i t a b l y  

p o o r   in  the  s p a c e   b e t w e e n   the   p i p e s   of  t h e   c o i l   and  t h e  

s p a c e   b e t w e e n   t h e   c o i l   and  t h e   v e s s e l   w a l l .   T h i s   l e a d s  

to  the   f o r m a t i o n   of  g e l   and  lump  t h a t   a d v e r s e l y   a f f e c t s  

t he   q u a l i t y   of  t he   r e s u l t i n g   p o l y m e r .  

(2)  D r a w b a c k s   i n v o l v e d   in  the   way  of  r e m o v i n g   r e a c t i o n  

h e a t   by  means  of  t he   c i r c u l a t i n g   c o o l e r   for   t h e  

r e a c t i o n   l i q u i d .  

(a)  As  w i t h   t h e   above   c a s e ,   p o l y m e r   d e p o s i t s   o n  

the   h e a t   t r a n s f e r   a r e a   of  t he   c i r c u l a t i n g   c o o l e r   w i t h  

t he   l a p s e   of  o p e r a t i o n   t i m e ,   r e d u c i n g   t h e   c a p a b i l i t y   o f  

h e a t   c o n d u c t i o n .   To  c o n t i n u e   o p e r a t i o n ,   i t   is   n e c e s s a r y  

to  remove  the   p o l y m e r   d e p o s i t   or  to  i n s t a l l   t he   c o o l e r  

in  d u p l i c a t e   f o r   a l t e r n a t e   u s e .   The  f o r m e r   r e q u i r e s  

p e r i o d i c   s h u t - d o w n .  

(b)  S i n c e   t h e   r e a c t i o n   s o l u t i o n   is  h i g h l y   v i s c o u s ,  



t h e   c i r c u l a t i o n   of  i t   c a u s e s   a  g r e a t   d e a l   of  p r e s s u r e  

l o s s .   C o o l i n g   by  t h e   e v o l u t i o n   of  s e n s i b l e   h e a t   r e q u i r e s  

t he   c i r c u l a t i o n   of  a  l a r g e   a m o u n t   of  r e a c t i o n   s o l u t i o n .  

T h i s   l e a d s   to  t he   c o n s u m p t i o n   of  a  l a r g e   amount   of  p u m p i n g  

e n e r g y .   Pumping   u n d e r   h igh   p r e s s u r e   o f  t e n   c a u s e s   l e a k a g e  

from  the   s e a l .   The  l e a k e d   s o l u t i o n   r e l e a s e s   e t h y l e n e   g a s  

and  s o l i d i f i e s   on  t he   e q u i p m e n t ,   e n t a i l i n g   a  d a n g e r   a n d  

c r e a t i n g   a  d i f f i c u l t y   in  e q u i p m e n t   m a i n t e n a n c e .  

(c)  The  h igh   v i s c o s i t y   of   t h e   r e a c t i o n   s o l u t i o n  

makes  i t   d i f f i c u l t   to  i n c r e a s e   t h e   f l o w   r a t e ,   and  t h e  

low  t h e r m a l   c o n d u c t i v i t y   of  t he   r e a c t i o n   s o l u t i o n   r e q u i r e s  

the   c o o l e r   to  have   a  l a r g e   h e a t   t r a n s f e r   a r e a .  

(d)  No  c o o l e r s   a c h i e v e   the   c o m p l e t e   p i s t o n   f l o w  

b e c a u s e   of  the   s t r u c t u r e ,   and  t he   h o l d - u p   in  t h e   d e a d  

s p a c e   is   i n e v i t a b l e   w h e r e   ge l   and  lump  d e t r i m e n t a l   t o  

the   q u a l i t y   a r e   f o r m e d .  

(3)  D r a w b a c k s   i n v o l v e d   in  r e m o v i n g   r e a c t i o n   h e a t   b y  

c o o l i n g   and  c o n d e n s i n g   e t h y l e n e   g a s .  

(a)  The  c o n d e n s i n g   t e m p e r a t u r e   of  e t h y l e n e   is   l o w  

( p a r t i c u l a r l y   when  the   p r e s s u r e   i s   low)   and  the   c o n d e n s i n g  

of  e t h y l e n e   is  o n l y   p o s s i b l e   by  t h e   aid  of  a  c o o l i n g  

medium  a t   an  e x t r e m e l y   low  t e m p e r a t u r e .  

(b)  S i n c e   e t h y l e n e   gas  to  be  c o o l e d   has   o n l y   a  

s m a l l   a m o u n t  o f   s e n s i b l e   h e a t ,   i t   is   n e c e s s a r y   to  c i r c u l a t e  

a  l a r g e   amoun t   of  e t h y l e n e   gas  by  u s i n g   a  b o o s t e r .  



(c)  The  c o n d e n s i n g   of  e t h y l e n e   is  i m p o s s i b l e   t o  

p e r f o r m   u n d e r   a  p r e s s u r e   h i g h e r   t h a n   t h a t   ( 5 0 . 5   a tm)   a t  

the   c r i t i c a l   p o i n t .  

(d)  As  the   s t a t e   of  e t h y l e n e   a p p r o a c h e s   t he   c r i t i c a l  

p o i n t ,   t he   d i f f e r e n c e   in  e n t h a l p y   and  d e n s i t y   b e c o m e s  

s m a l l   b e t w e e n   g a s e o u s   e t h y l e n e   and  l i q u e f i e d   e t h y l e n e .  

T h i s   makes  d i f f i c u l t   t he   c o n d e n s i n g   o p e r a t i o n .  

I t   is  an  o b j e c t   of  t h i s   i n v e n t i o n   to  p r o v i d e   a  

p r o c e s s   fo r   c o n t i n u o u s   p r o d u c t i o n  o f   e t h y l e n e - v i n y l  

a c e t a t e   c o p o l y m e r   which   is   f r e e   of  t he   a b o v e - m e n t i o n e d  

d r a w b a c k s .  

The  s u b j e c t   m a t t e r   of  t h i s   i n v e n t i o n   i s   an  i m p r o v e d  

p r o c e s s   fo r   c o n t i n u o u s l y   p r o d u c i n g   e t h y l e n e - v i n y l   a c e t a t e  

c o p o l y m e r   c o n t a i n i n i n g   20  to  50  mol%  of  e t h y l e n e   b y  

i n t r o d u c i n g   e t h y l e n e ,   v i n y l   a c e t a t e ,   s o l v e n t ,   and  p o l y m -  

e r i z a t i o n   c a t a l y s t   i n t o   a  p o l y m e r i z a t i o n   v e s s e l ,   w h i c h  

is   c h a r a c t e r i z e d   in   t h a t  

(1)  v i n y l   a c e t a t e   or  a  s o l v e n t   s o l u t i o n   of  v i n y l   a c e t a t e  

is   p a s s e d   t h r o u g h   a  h e a t   e x c h a n g e r   p r o v i d e d   w i t h  a   c o o l i n g  

m e a n s ,   and  s i m u l t a n e o u s l y   e t h y l e n e   d i s c h a r g e d   f rom  t h e  

p o l y m e r i z a t i o n   v e s s e l   i s   p a s s e d   t h r o u g h   s a i d   h e a t   e x c h a n g e r ,  



so  t h a t   t h e y   come  i n t o   c o n t a c t   w i th   e a c h   o t h e r   in  s a i d  

h e a t   e x c h a n g e r ,   w h e r e b y   c a u s i n g   the   v i n y l   a c e t a t e   or  t h e  

s o l v e n t   s o l u t i o n   of   v i n y l   a c e t a t e   to  a b s o r b   and  s o l u b i l i z e  

e t h y l e n e ,  

(2)  t h e   v i n y l   a c e t a t e   or   t h e   s o l v e n t   s o l u -  

t i o n   o f   v i n y l   a c e t a t e   wh ich   has   a b s o r b e d   and  s o l u b i l i z e d  

e t h y l e n e   t h e r e i n   is  i n t r o d u c e d   in to   the  p o l y m e r i z a t i o n   v e s s e l ,   and  

13)  t h e   v i n y l   a c e t a t e   or   t h e   s o l v e n t   s o l u t i o n   of   v i n y l   a c e t a t e  

w h i c h   has   a b s o r b e d   and  s o l u b i l i z e d   e t h y l e n e   t h e r e i n   i s   m i x e d   i n  

t h e   p o l y m e r i z a t i o n   v e s s e l   w i t h   t h e   p o l y m e r i z a t i o n   s o l u t i o n ,   t h e  

p o l y m e r i z a t i o n   s o l u t i o n   i s   h e a t e d   up  to   t h e  

p r e s c r i b e d   p o l y m e r i z a t i o n   t e m p e r a t u r e ,   a t   w h i c h  

e t h y l e n e   i s   v a p o r i z e d   f rom  t h e   v i n y l   a c e t a t e   o r   t h e   s o l v e n t  

s o l u t i c . .   of  v i n y l   a c e t a t e   by  t he   a i d   of  t he   h e a t   in  t h e  

p o l y m e r i z a t i o n   v e s s e l ,   and   t h e   v a p o r i z e d  

e t h y l e n e   i s   c i r c u l a t e d   to  t h e   h e a t   e x c h a n g e r .  

(a)   S i n c e   t he   h e a t   t r a n s f e r   s u r f a c e   of  t he   h e a t   e x c h a n g e r  

d o e s   no t   come  i n t o   c o n t a c t   w i t h   t he   p o l y m e r ,   i t   d o e s   n o t  

s u f f e r   from  a  d e c r e a s e   of  h e a t   c o n d u c t i o n   c a p a b i l i t y   d u e  

to  p o l y m e r   d e p o s i t .   T h i s   p e r m i t s   the   s t a b l e   p r o d u c t i o n  

of  e t h y l e n e - v i n y l   a c e t a t e   c o p o l y m e r   e v e r   a  long  p e r i o d  

of  t i m e .  

(b)  I t   is   no t   n e c e s s a r y   to  i n s t a l l   a  c o o l i n g   c o i l   i n  

t h e   p o l y m e r i z a t i o n   v e s s e l ,   or   a  s m a l l   one  is  s u f f i c i e n t ,  

i f   any .   T h i s   e l i m i n a t e s   o r   m i n i m i z e s   the   dead  s p a c e   i n  

w h i c h   ge l   and  lump  a r e   l i a b l e   to  o c c u r .  



(c)  The  h e a t   e x c h a n g e r   can  be  of  any  s i z e   as  r e q u i r e d .  

Thus  i t   is  p o s s i b l e   to  e m p l o y   a  p o l y m e r i z a t i o n   v e s s e l  

of  l a r g e   s i z e .  

(d)  The  d i f f e r e n c e   in  t h e   d e n s i t i e s   of  l i q u i d   and  g a s  

can  be  u t i l i z e d   for   c i r c u l a t i o n .   T h i s   o b v i a t e s   t h e  

i n s t a l l a t i o n   of  pumps  and  b o o s t e r s ,   m a k i n g   t h e   f a c i l i t i e s  

s i m p l e r .  

(e)  The  p r o c e s s   i n v o l v e s   b o t h   c o n d e n s a t i o n   and  s o l u t i o n ;  

in  o t h e r   w o r d s ,   t he   p r o c e s s   u t i l i z e s   b o t h   h e a t   of  c o n d e n -  

s a t i o n   and  h e a t   of  s o l u t i o n .   Thus  t h e r e   i s   a  g r e a t  

d i f f e r e n c e   b e t w e e n   t he   e n t h a l p y   of   g a s e o u s   e t h y l e n e   a n d  

t h e   e n t h a l p y   of  l i q u i d   e t h y l e n e .   T h i s   m a k e s   i t  p o s s i b l e  

to  r e d u c e   the   q u a n t i t y   of  e t h y l e n e   fo r   c i r c u l a t i o n .  

( f )   The  c r i t i c a l   p o i n t   ( b o t h   p r e s s u r e   and  t e m p e r a t u r e )  

of  e t h y l e n e   in  t he   t w o - c o m p o n e n t   s y s t e m   of  e t h y l e n e   a n d  

v i n y l   a c e t a t e   is  h i g h e r   t h a n   t h a t   in  the   s y s t e m   o f  

e t h y l e n e   a l o n e .   T h i s   p r o v i d e s   a  b r o a d   o p e r a t i n g   r a n g e  

f o r   c o n d e n s i n g   e t h y l e n e   and  p e r m i t s   the   use  of  a  c o o l a n t  

a t   a  h i g h   t e m p e r a t u r e .   In  a d d i t i o n ,   t h e r e   i s   a  g r e a t  

d i f f e r e n c e   b e t w e e n   the   e n t h a l p y   of  g a s e o u s   e t h y l e n e   a n d  

t h e   e n t h a l p y   of  l i q u i d   e t h y l e n e .   T h i s   makes  i t   p o s s i b l e  

to  r e d u c e   t he   q u a n t i t y   of   e t h y l e n e   f o r   c i r c u l a t i o n .  

F i g .   1  i s   a  s c h e m a t i c   d r a w i n g   i l l u s t r a t i n g   t h e   p r o -  

c e s s   of  t h i s   i n v e n t i o n   and  an  e x a m p l e   of  t h e   a p p a r a t u s  



used  in  t h i s   i n v e n t i o n .   Each  r e f e r e n c e   n u m e r a l   d e n o t e s  

the   f o l l o w i n g .  

1  . . .   P o l y m e r i z a t i o n   v e s s e l  

2  . . .   P o l y m e r i z a t i o n   s o l u t i o n  

3  . . .   S p a c e   4  . . .   S t i r r e r  

5  . . .   I n l e t   fo r   e t h y l e n e   g a s  

6  . . .   I n l e t   f o r   p o l y m e r i z a t i o n   c a t a l y s t  

7  . . .   C o n n e c t i n g   l i n e   8  . . .   C o n n e c t i n g   l i n e  

9  . . .   V e r t i c a l   w e t t e d - w a l l   m u l t i - t u b u l a r   h e a t   e x c h a n g e r  

10  . . .   Tube  11  . . .   O u t s i d e   of  t u b e  

12  . . .   I n l e t   f o r   v i n y l   a c e t a t e  

13  . . .   O u t l e t   for   i n e r t   g a s  

14  . . . . O u t l e t   f o r   c o o l a n t  

15  . . .   I n l e t   fo r   c o o l a n t   16  . . .   V a l v e  

17  . . .  O u t l e t   f o r   p o l y m e r i z a t i o n   r e a c t i o n   m i x t u r e  

The  p r e f e r r e d   h e a t ' e x c h a n g e r   to  be  used  in  t h i s  

i n v e n t i o n   i s   a  v e r t i c a l   w e t t e d - w a l l   h e a t   e x c h a n g e r ,  

p a r t i c u l a r l y   a  v e r t i c a l   w e t t e d - w a l l   m u l t i - t u b u l a r   h e a t  

e x c h a n g e r .   I t   a l s o   i n c l u d e s   t h o s e   which   have   a  l a r g e  

s u r f a c e   a r e a ,   such   a  s t r u c t u r e   t h a t   p e r m i t s   a b s o r p t i o n  

of  e t h y l e n e   g a s ,   and  an  a b i l i t y   to  t r a n s f e r   h e a t   r a p i d l y .  

E x a m p l e s   of  such   h e a t   e x c h a n g e r s   i n c l u d e   one  w h i c h   i s  

made  up  of  an  a b s o r b e r   of  p a c k e d   c o l u m n   t y p e ,   p e r f o r a t e d  

p l a t e   t y p e ,   o r   b u b b l e   cap  t o w e r   t y p e ,   and  a  j a c k e t ,  



a n d / o r   a  c o i l .  

As  m e n t i o n e d   a b o v e ,   v i n y l   a c e t a t e   or  a  s o l v e n t  

s o l u t i o n   of   v i n y l   a c e t a t e   ( r e f e r r e d   to  as  s i m p l y   v i n y l  

a c e t a t e   h e r e i n a f t e r )   and  e t h y l e n e   a r e   p a s s e d   t h - - o u g h  

the   h e a t   e x c h a n g e r   e q u i p p e d   w i t h   a  c o o l i n g   m e a n s ,   i n  

wh ich   v i n y l   a c e t a t e   and  e t h y l e n e   came  i n t o   c o n t a c t   w i t h  

each   o t h e r   and  e t h y l e n e   i s   a b s o r b e d   by  and  s o l u b i l i z e d  

in  v i n y l   a c e t a t e ,   and  the   h e a t   of  c o n d e n s a t i o n   and  t h e  

h e a t   of  s o l u t i o n   a r e   r e m o v e d .   To  p u t   i t   c o n c r e t e l y ,  

v i n y l   a c e t a t e   is  a l l o w e d   to  f l o w   in  the  form  of  t h i n  

f i l m   a l o n g   t h e   i n s i d e   of  t h e   t u b e   of  t h e   v e r t i c a l   w e t t e d -  

w a l l   m u l t i - t u b u l a r   h e a t   e x c h a n g e r ,   and  s i m u l t a n e o u s l y  

e t h y l e n e   gas  is   p a s s e d   t h r o u g h   the   t u b e   so  t h a t   e t h y l e n e  

is   a b s o r b e d   by  and  s o l u b i l i z e d   in  v i n y l   a c e t a t e .   T h e  

h e a t   of  c o n d e n s a t i o n   and  t h e   h e a t   of  s o l u t i o n   a r e   r e m o v e d  

by  t h e   c o o l a n t   f l o w i n g   o u t s i d e   t he   t u b e .  

V i n y l   a c e t a t e   s h o u l d   be  fed   to  the   h e a t   e x c h a n g e r  

as  much  as  n e c e s s a r y   f o r   t h e   a m o u n t   of  h e a t   to  be  r e m o v e d .  

Thus  i t   is   p o s s i b l e   to  f e e d   a  p a r t   of  v i n y l   a c e t a t e  

d i r e c t l y   to  t he   p o l y m e r i z a t i o n   v e s s e l .   A l s o ,   a  p a r t   o f  

s o l v e n t   may  be  u s e d   fo r   d i s s o l v i n g   the   p o l y m e r i z a t i o n  

c a t a l y s t ,   and  v i n y l   a c e t a t e   may  be  fed  i n t o   t h e   p o l y m -  

e r i z a t i o n   v e s s e l   t o g e t h e r   w i t h   t h e   p o l y m e r i z a t i o n   c a t a l y s t .  

The  v i n y l   a c e t a t e   w h i c h   has   a b s o r b e d   e t h y e n e  

( r e f e r r e d   to  as  a b s o r p t i o n   l i q u i d   h e r e i n a f t e r )   s h o u l d  



be  c o o l e d   to  a  t e m p e r a t u r e   T1  in  the  r a n g e   o f  

- 2 0 ° C  <   T1  <  T2,  p r e f e r a b l y   - 10°C   <  T1  <  T 2  -   1 0 ° C ,  

w h e r e i n   T2  is   t h e   p o l y m e r i z a t i o n   t e m p e r a t u r e ,   b e f o r e  

b e i n g   i n t r o d u c e d   i n t o   the  p o l y m e r i z a t i o n   v e s s e l .   I f  

T1  i s   h i g h e r   t h a n   T2,  i t   is  i n d u s t r i a l l y   n o n s e n s e  

b e c a u s e   h e a t   r e m o v a l   i s   no t   a c h i e v e d   in  t he   p o l y m e r -  

i z a t i o n   v e s s e l .   The  p r o c e s s   of  t h i s   i n v e n t i o n   i s  

e f f e c t i v e   o n l y   when  a  p r o p e r   t e m p e r a t u r e   is   c h o s e n  

so  t h a t   e t h y l e n e   gas  c o n d e n s e s .   Thus  T1  s h o u l d   be  a b o v e  

t h e   t e m p e r a t u r e   a t   w h i c h   g a s e o u s   e t h y l e n e   and  l i q u i d  

e t h y l e n e  c a n   c o e x i s t   u n d e r   a  c e r t a i n   p o l y m e r i z a t i o n  

p r e s s u r e .   In  o t h e r   w o r d s ,   T1  s h o u l d   be  a b o v e   t h e  

t e m p e r a t u r e   a t   wh ich   t h e   s a t u r a t e d   v a p o r   p r e s s u r e   o f  

e t h y l e n e   c o i n c i d e s   w i t h   t h e   p o l y m e r i z a t i o n   p r e s s u r e   o f  

e t h y l e n e .   For  e x a m p l e ,   T1  s h o u l d   be  a b o v e   - 2 8 ° C   i f  

the  p o l y m e r i z a t i o n   p r e s s u r e   is  about  21  bar  (20  kg/cm2G),  and  above  

0°C  at  about  41  bar  (40  kg/cm2G).  In  c o n s i d e r a t i o n   of  the  f l u c t u a t i o n s  

t h a t   w i l l   o c c u r   in  t h e   a c t u a l   o p e r a t i o n ,   t h e   t e m p e r a t u r e  

s h o u l d   be  s e t   up  w i th   some  t o l e r a n c e .   Thus  in  t he   p r o -  

c e s s   of  t h i s   i n v e n t i o n ,   T1  s h o u l d   be  above   - 2 0 ° C ,   a n d  

p r e f e r a b l y   above   - 1 0 ° C   f o r   the   p o l y m e r i z a t i o n   p r e s s u r e  

in  the  range  of  about  21  t o   71  bar   (20  to  70  k g / c m 2 G ) .  I n  t h e   meantime,  i t  

is   known  t h a t   t h e   c r i t i c a l   p r e s s u r e   of  e t h y l e n e   is   about  50 .5  

b a r ,   and  i t   is  h i g h e r   t h a n   t h i s   when  e t h y l e n e   c o e x i s t s  

w i t h   v i n y l   a c e t a t e .   And  i t   has   been   c o n f i r m e d   t h a t  



t h e r e   is  a  r e g i o n   in  w h i c h   b o t h   g a s   and  l i q u i d   c o e x i s t  

under  the  p o l y m e r i z a t i o n   p r e s s u r e   of  about  71  bar  (70  kg/cm2G)  employed 

in  t h i s   i n v e n t i o n .   The  T1  fo r   t h e   a b s o r p t i o n   l i q u i d   i s  

d e t e r m i n e d   a c c o r d i n g   to  t he   a m o u n t   of  h e a t   to  be  r e m o v e d  

and  t h e   p o l y m e r i z a t i o n   p r e s s u r e .   As  t h e   p o l y m e r i z a t i o n  

p r e s s u r e   i n c r e a s e s ,   t h e   l o w e r   l i m i t   of  T1  b e c o m e s   h i g h ,  

and  c o n s e q u e n t l y   t he   amount   of  h e a t   t h a t   can  be  r e m o v e d  

d e c r e a s e s   a c c o r d i n g l y .  

The  s o l v e n t   used   in  t h i s   i n v e n t i o n   i n c l u d e s   l o w e r  

a l i p h a t i c   a l c o h o l s   of  c a r b o n   n u m b e r   1  to   4;  and  i n d u s -  

t r i a l l y   p r e f e r a b l e   among  them  i s   m e t h a n o l .   Where  a  

c o p o l y m e r   of  h i g h   d e g r e e   of  p o l y m e r i z a t i o n   is   to  b e  

o b t a i n e d ,   t e r t i a r y   b u t a n o l   or   a d m i x t u r e   of  t e r t i a r y  

b u t a n o l   and  m e t h a n o l   is  p r e f e r a b l e .  

The  a b s o r p t i o n   l i q u i d   is   i n t r o d u c e d   i n t o   the   p o l y m -  

e r i z a t i o n   v e s s e l   in  which  i t   i s   m i x e d   w i t h   t h e   p o l y m e r -  

i z a t i o n   s o l u t i o n .   W h i l e   t h e   a b s o r p t i o n   l i q u i d   is  h e a t e d  

up  to  t he   p r e s c r i b e d   p o l y m e r i z a t i o n   t e m p e r a t u r e   by  r e a c -  

t i o n   h e a t ,   e t h y l e n e   in  e x c e s s   of  s o l u b i l i t y   is   v a p o r i z e d  

from  t he   a b s o r p t i o n   l i q u i d ,   and  t h e   v a p o r i z e d   e t h y l e n e  

is   r e t u r n e d   to  t he   h e a t   e x c h a n g e r   in  w h i c h   i t   is   a b s o r b e d  

by  and  s o l u b i l i z e d   in  v i n y l   a c e t a t e .   Thus  the   c y c l e   o f  

the   a b s o r p t i o n   and  s o l u b i l i z a t i o n   of  e t h y l e n e   in  t h e  

h e a t   e x c h a n g e r   and  t h e   v a p o r i z a t i o n   of  e t h y l e n e   in  t h e  

p o l y m e r i z a t i o n   v e s s e l   is  c o m p l e t e d   f o r   t he   r e m o v a l   o f  



r e a c t i o n   h e a t   from  t h e   p o l y m e r i z a t i o n   s y s t e m .   T h i s   i s  

what   p r o d u c e s   t he   a b o v e - m e n t i o n e d   b e n e f i c i a l   e f f e c t s   o f  

t h i s   i n v e n t i o n .  

The  p o l y m e r i z a t i o n   t e m p e r a t u r e   T2  s h o u l d   p r e f e r a b l y  

be  l o w e r   t h a n   8 0 ° C ,   b e c a u s e   as  i t   goes   up ,   t he   r e s u l t i n g  

e t h y l e n e - v i n y l   a c e t a t e   is  low  in  the   d e g r e e   of  p o l y m e r -  

i z a t i o n .   A l t h o u g h   the   p o l y m e r i z a t i o n   t e m p e r a t u r e   s h o u l d  

p r e f e r a b l y   be  low  from  t h e   s t a n d p o i n t   of  t he   d e g r e e   o f  

p o l y m e r i z a t i o n ,   i t   s h o u l d   be  h i g h e r   t h a n   35°C  b e c a u s e  

t h e   r a t e   of  p o l y m e r i z a t i o n   d e c r e a s e s   as  t he   p o l y m e r i z a -  

t i o n   t e m p e r a t u r e   g o e s   down.   The  p r e f e r r e d   p o l y m e r i z a t i o n  

t e m p e r a t u r e   is  40  to  7 0 ° C .  

The  p o l y m e r i z a t i o n   t e m p e r a t u r e   and  the   a m o u n t   o f  

h e a t   to   be  r e m o v e d   can  be  p r o p e r l y   a d j u s t e d   by  c o n t r o l -  

l i n g   t h e   t e m p e r a t u r e   of  t he   p o l y m e r i z a t i o n   s o l u t i o n ,   t h e  

t e m p e r a t u r e   of  a b s o r p t i o n   l i q u i d   to  be  i n t r o d u c e d   i n t o  

t h e   p o l y m e r i z a t i o n   v e s s e l ,   and  t he   t e m p e r a t u r e   and  v o l u m e  

of  t he   c o p l a n t .  

The  s o l v e n t   in  the   p o l y m e r i z a t i o n   v e s s e l   s h o u l d   b e  

used   in  as  s m a l l   a  q u a n t i t y   as  p o s s i b l e   i f   i t   i s   d e s i r -  

a b l e   to  o b t a i n   e t h y l e n e - v i n y l   a c e t a t e   c o p o l y m e r   h a v i n g  

a  c o m p a r a t i v e l y   h i g h   d e g r e e   of  p o l y m e r i z a t i o n   wh ich   i s  

s u i t a b l e   fo r   m o l d i n g .   The  q u a n t i t y   of  s o l v e n t   s h o u l d  

p r e f e r a b l y   be  1  to  30  wt%  ( b a s e d   on  the   t o t a l   l i q u i d ) ,  

and  more  p r e f e r a b l y   1  to  20  w t % .  



The  p o l y m e r i z a t i o n   in  t h e   p r o c e s s   of  t h i s   i n v e n t i o n  

may  be  a c c o m p l i s h e d   by  t h e   use   of  a  s i n g l e   v e s s e l   or  t w o  

or  more  v e s s e l s   c o n n e c t e d   in  s e r i e s .  

The  p o l y m e r i z a t i o n   p r e s s u r e   i s   d e t e r m i n e d   a c c o r d i n g  

to   how  much  e t h y l e n e   s h o u l d   be  c o n t a i n e d   in  t he   r e s u l t i n g  

e t h y l e n e - v i n y l   a c e t a t e   copolymer.  In  t h i s   i n v e n t i o n ,  i t   is  about  21 

to  71  bar  (20  to  70  kg/an2G)  s ince   the  i n v e n t i o n   is  des igned   t o  

g i v e   e t h y l e n e - v i n y l   a c e t a t e   c c p o l y m e r s   c o n t a i n i n g   20  t o  

50  mol%  of  e t h y l e n e .   In  t he   p o l y m e r i z a t i o n   of  t he   d e s i r e d  

e t h y l e n e - v i n y l   a c e t a t e   c o p o l y m e r ,   i t   i s   e s s e n t i a l   t h a t  

d i s s o l v e d   e t h y l e n e   is   p r e s e n t   in  t he   s o l v e n t   s o l u t i o n   o f  

v i n y l   a c e t a t e   in  the   p o l y m e r i z a t i o n   v e s s e l .  T h e   e t h y l e n e  

c o n c e n t r a t i o n   s h o u l d   be  h i g h e r   as  t he   d e s i r e d   e t h y l e n e  

c o n t e n t   in  e t h y l e n e - v i n y l   a c e t a t e   c o p o l y m e r   i s   h i g h e r .  

T h i s   means  t h a t   h i g h   p r e s s u r e   is   r e q u i r e d   fc-  t he   p r o d u c -  

t i o n   of  c o p o l y m e r s   of  h i g h   e t h y l e n e   c o n t e n t ,   and  l o w  

p r e s s u r e   fo r   c o p o l y m e r s   of  low  e t h y l e n e   c o n t e n t .  

A l m o s t   any  k i n d   of  r a d i c a l   p o l y m e r i z a t i o n   i n i t i a t o r  

can  be  used   as  t h e   p o l y m e r i z a t i o n   c a t a l y s t   in  t he   p r o c e s s  

of  t h i s   i n v e n t i o n .   P r e f e r r e d   e x a m p l e s   i n c l u d e   azo  c a n -  

p o u n d s   such   as  2 , 2 ' - a z o b i s - ( 4 - m e t h o x y - 2 , 4 - d i m e t h y l v a l e r o -  

n i t r i l e ) ,   2 , 2 ' - a z o b i s - ( 2 , 4 - d i m e t h y l v a l e r o n i t r i l e ) ,   a n d  

2 , 2 ' - a z o b i s - i s o b u t y l o n i t r i l e ;   a l k y l   p e r e s t e r s   s u c h   a s  

t - b u t y l   p e r p i v a l a t e ;   p e r o x y   d i c a r b o n a t e s   such  as  b i s -  

( 4 - t - b u t y l - c y c l o h e x y l ) p e r o x y - d i - c a r b o n a t e   and  d i c y c l o -  



h e x y l   p e r o x y - d i - c a r b o n a t e ;   and  p e r o x i d e s   such  as  d i l a u l o y l  

p e r o x i d e .   The  p o l y m e r i z a t i o n   c a t a l y s t   may  be  c h a r g e d  

in  t he   form  of  s o l u t i o n   in  a  p a r t   of  the   s o l v e n t   to  b e  

c h a r g e d   i n t o   t h e   v e s s e l .  

A l t h o u g h   t he   i n v e n t i o n   i s   i n t e n d e d   to  p r o d u c e   m a i n l y  

e t h y l e n e - v i n y l   a c e t a t e   c o p o l y m e r s ,   i t   p e r m i t s   t he   p r o d u c -  

t i o n   of  c o p o l y m e r s   c o n t a i n i n g   a  t h i r d   c o m p o n e n t .   T h e  

t h i r d   c o m p o n e n t   is  a  c o p o l y m e r i z a b l e   c o m o n o m e r ,   p r e f e r r e d  

e x a m p l e s   of  w h i c h   i n c l u d e   o l e f i n s   such   as  p r o p y l e n e   a n d  

i s o b u t y l e n e ;   u n s a t u r a t e d   a c i d s   or   e s t e r s   t h e r e o f   s u c h   a s  

c r o t o n i c   a c i d ,   a c r y l i c   a c i d ,   m e t h a c r y l i c   a c i d ,   a n d  m a l e i c  

a c i d ;   and  v i n y l   e s t e r s   o t h e r   t h a n   v i n y l   a c e t a t e   s u c h   a s  

v i n y l   p r o p i o n a t e   and  v i n y l   e s t e r   of  v e r s a t i c   a c i d .   T h e  

c o n t e n t   of  t he   t h i r d   c o m p o n e n t   in  t h e   c o p o l y m e r  

i s   l e s s   t h a n   10  mol%.  The  t h i r d   c o m p o n e n t   may  be  i n t r o -  

d u c e d   i n t o   t h e   v e s s e l   t o g e t h e r   w i th   e t h y l e n e   or  t h e  s o l -  

v e n t   s o l u t i o n   of  v i n y l   a c e t a t e ,   i f   s o l u b l e   t h e r e i n .  

The  i n v e n t i o n   is  now  d e s c r i b e d   wi th   r e f e r e n c e   t o  

t h e   a c c a n p a n y i n g   s i n g l e   d r a w i n g   i l l u s t r a t i n g   t h e   p r o -  

c e s s   of  t h i s   i n v e n t i o n   and  an  e x a m p l e   of  the   a p p a r a t u s  

e m p l o y e d   in  t h i s   i n v e n t i o n .  

E t h y l e n e   gas   u n d e r   a  p r e s c r i b e d   p r e s s u r e   is   i n t r o -  

d u c e d   i n t o   t h e   v e s s e l  ( 1 )   t h r o u g h   t h e   l i n e   ( 5 ) .   S i m u l -  

t a n e o u s l y ,   a  p o l y m e r i z a t i o n   c a t a l y s t   or   a  s o l u t i o n   o f  

p o l y m e r i z a t i o n   c a t a l y s t   ( r e f e r r e d   to  as  c a t a l y s t   s o l u t i o n  

h e r e i n a f t e r )   i s   i n t r o d u c e d   i n t o   t h e   v e s s e l   (1)  t h r o u g h   t h e  

l i n e   ( 6 ) .   E t h y l e n e   gas  may  be  i n t r o d u c e d   i n t o   t h e   v e s s e l  

(1)  t h r o u g h   o t h e r   p a r t s   t h a n   t h e   l i n e   ( 5 ) ,   t h a t   i s ,   t h r o u g h  



t he   l o w e r   p a r t   of  t h e   b e l o w - m e n t i o n e d   h e a t   e x c h a n g e r   ( 9 ) ,  

or  t h r o u g h   t he   c o n n e c t i n g   l i n e   (7)  or  (8)  i n s t a l l e d   b e t w e e n  

the   v e s s e l   (1)  and  t h e   h e a t   e x c h a n g e r   ( 9 ) .   F u r t h e r  

c a t a l y s t   s o l u t i o n   may  be  i n t r o d u c e d   i n t o   t h e   v e s s e l   (1 )  

t h r o u g h   o t h e r   c o n n e c t i n g   l i n e   (8)  t h a n   t h e   i n l e t   l i n e   ( 6 ) .  

On  t h e   o t h e r   h a n d ,   v i n y l   a c e t a t e   is  i n t r o -  

d u c e d   i n t o   the   v e r t i c a l   w e t t e d - w a l l   m u l t i - t u b u l a r   h e a t  

e x c h a n g e r   (9)  t h r o u g h   t he   l i n e   ( 1 2 ) .   The  v i n y l   a c e t a t e  

i s   a l l o w e d   to  f low  in  t he   form  of  t h i n   f i l m   a l o n g   t h e  

i n s i d e   of  t he   t u b e   ( 1 0 ) .   E t h y l e n e   gas  p r e s e n t   in  t h e  

s p a c e   (3)   of  the   v e s s e l   (1)  i s   i n t r o d u c e d   i n t o   t h e  

h e a t   e x c h a n g e r   (9)  t h r o u g h   t h e   l i n e   ( 7 ) .   The  e t h y l e n e  

j a s   r i s e s   t h r o u g h   the   t ube   ( 1 0 )   c o u n t e r c u r r e n t l y   t o  

and  in  c o n t a c t   w i t h   v i n y l   a c e t a t e .   Thus  t h e   e t h y l e n e  

gas   i s   a b s o r b e d   in  and  s o l u b i l i z e d   in  v i n y l   a c e t a t e ,  

p r e f e r a b l y   to  s a t u r a t i o n .   If   n e c e s s a r y ,   a  p a r t   of   v i n y l  

a c e t a t e   may  be  i n t r o d u c e d   d i r e c t l y   i n t o   the   v e s s e l   ( 1 ) .  

The  c o o l a n t   is   i n t r o d u c e d   i n t o   t he   h e a t   e x c h a n g e r  

(9)  t h r o u g h   the   l i n e   ( 1 5 ) .   The  c o o l a n t   is  a l l o w e d   t o  

f low  t h r o u g h   the   s p a c e   (11)   o u t s i d e   the   t u b e   ( 1 0 ) ,   s o  

t h a t   i t   r e m o v e s   t he   h e a t   of  c o n d e n s a t i o n   and  s o l u t i o n  

of  e t h y l e n e   which  i s   g e n e r a t e d   as  e t h y l e n e   i s   a b s o r b e d  

by  and  s o l u b i l i z e d   in  v i n y l   a c e t a t e .   The  c o o l a n t   i s  

d i s c h a r g e d   f rom  t he   o u t l e t   ( 1 4 ) .   I n e r t   g a s e s   a r e  

d i s c h a r g e d   from  t h e   top  of  t he   h e a t   e x c h a n g e r   ( 9 )  

t h r o u g h   t he   l i n e   ( 1 3 ) .  

The  v i n y l   a c e t a t e   w h i c h   has   a b s o r b e d   e t h y l e n e   a n d  

has   b e e n   c o o l e d   in  t he   h e a t   e x c h a n g e r   (9)  is   i n t r o d u c e d  

i n t o   the   v e s s e l   (1)   t h r o u g h   the   l i n e   ( 8 ) .   (The   l i n e   ( 7 )  



and  the   l i n e   (8)   may  be  c o m b i n e d   to  form  a  s i n g l e   l i n e . )  

The  v i n y l   a c e t a t e   ( a b s o r p t i o n   l i q u i d )   i n t r o d u c e d   i n t o  

t h e   v e s s e l   is  m i x e d   w i t h   the   p o l y m e r i z a t i o n   s o l u t i o n   ( 2 )  

and  h e a t e d   to  t h e   p r e s c r i b e d   p o l y m e r i z a t i o n   t e m p e r a t u r e .  

D u r i n g   t he   h e a t i n g ,   t h e   a b s o r p t i o n   l i q u i d   v a p o r i z e s  

e t h y l e n e   d i s s o l v e d   in  e x c e s s   of  the   s o l u b i l i t y   in  v i n y l  

a c e t a t e .   The  v a p o r i z e d   e t h y l e n e   i s   c i r c u l a t e d   a g a i n   t o  

the   h e a t   e x c h a n g e r   t h r o u g h   t he   l i n e   ( 7 ) .  

The  p o l y m e r i z a t i o n   t e m p e r a t u r e   is   a d j u s t e d   by  c o n -  

t r o l l i n g   t he   t e m p e r a t u r e   of  t h e   a b s o r p t i o n   l i q u i d   to  b e  

i n t r o d u c e d   f rom  t h e   h e a t   e x c h a n g e r   (9)  i n t o   the   p o l y m e r -  

i z a t i o n   v e s s e l   (1)  t h r o u g h   t he   l i n e   ( 8 ) .   The  t e m p e r a t u r e  

of  t he   a b s o r p t i o n   l i q u i d   is   a d j u s t e d   by  c o n t r o l l i n g   t h e  

v a l v e   (16)  fo r   t h e   c o o l a n t   to  be  i n t r o d u c e d   i n t o   t he   h e a t  

e x c h a n g e r   ( 9 ) .  

The  p o l y m e r i z a t i o n   v e s s e l   (1)  is   i n s t a l l e d   w i t h   t h e  

s t i r r e r   ( 4 ) .   The  s o l u t i o n   p o l y m e r i z a t i o n   is   c a r r i e d   o u t  

f o r   a  p r e s c r i b e d   p e r i o d   of  t i m e ,   and  the   r e s u l t i n g   p o l y m -  

e r i z a t i o n   r e a c t i o n   m i x t u r e   i s   d i s c h a r g e d   t h r o u g h   t h e   l i n e  

( 1 7 ) .   E t h y l e n e - v i n y l   a c e t a t e   c o p o l y m e r   is  s e p a r a t e d  

f rom  t he   p o l y m e r i z a t i o n   r e a c t i o n   m i x t u r e .   The  c o p o l y m e r  

t h u s   o b t a i n e d   may  be  s a p o n i f i e d   in  the   u s u a l   way  w i t h   a  

c a u s t i c   a l k a l i   ( e . g .   c a u s t i c   soda )   or  an  a l k a l i   m e t a l  

a l c o h o l a t e  ( e . g .  s o d i u m  m e t h y l a t e )   c a t a l y s t   in   a  s o l v e n t ,  

and  t h e   s a p o n i f i e d   p r o d u c t  m a y  b e   m o l d e d   i n t o   v a r i o u s  

f o r m s .  

As  m e n t i o n e d   a b o v e ,   t h e   p r o c e s s   of  t h i s   i n v e n t i o n  



makes   i t   p o s s i b l e   to  p r o d u c e   e t h y l e n e - v i n y l   a c e t a t e   c o -  

p o l y m e r   c o n t i n u o u s l y   o v e r   a  l o n g   p e r i o d   of  t i m e   w i t h o u t  

t h e   d e p o s i t   of  p o l y m e r   and  the   f o r m a t i o n   of  g e l   in  t h e  

p o l y m e r i z a t i o n   v e s s e l .   As  d e m o n s t r a t e d   in  t he   f o l l o w i n g  

e x a m p l e s ,   c o n t i n u o u s   o p e r a t i o n   o v e r   90  d a y s   i s   p o s s i b l e  

when  t he   p r o c e s s   of  t h i s   i n v e n t i o n   i s   e m p l o y e d ,   w h e r e a s  

t h e   c o n v e n t i o n a l   p r o c e s s   r e q u i r e s   s h u t - d o w n   f o r   c l e a n i n g  

e v e r y   t e n   d a y s .   Thus  t h e   p r e s e n t   i n v e n t i o n   i s   of   g r e a t  

i n d u s t r i a l   s i g n i f i c a n c e .  

The  i n v e n t i o n   i s   now  d e s c r i b e d   in  more  d e t a i l   w i t h  

r e f e r e n c e   to  t he   n o n - l i m i t a t i v e   e x a m p l e s   and  c o m p a r a t i v e  

e x a m p l e s   t h a t   f o l l o w .  

EXAMPLES  1  to  3 

E t h y l e n e - v i n y l   a c e t a t e   c o p o l y m e r   was  p r o d u c e d   c o n -  

t i n u o u s l y   by  u s i n g   an  a p p a r a t u s   as  shown  in  F i g .   1.  T h e  

p o l y m e r i z a t i o n   v e s s e l   h a s   a  vo lume  of  660  l i t e r s ,   a n d  

t h e   h e a t   e x c h a n g e r   has   a  h e a t   t r a n s f e r   a r e a   of  3  m2  a n d  

8  t u b e s .   The  p o l y m e r i z a t i o n   v e s s e l   has   no  c o i l   t h e r e i n ,  

so  t h a t   the  r e m o v a l   of  h e a t   is   a c c o m p l i s h e d   by  the   h e a t  

e x c h a n g e r .   The  s o l v e n t   was  m e t h a n o l   and  the   c o o l a n t   w a s  

a  30  wt%  a q u e o u s   s o l u t i o n   of  m e t h a n o l .   The  p o l y m e r i z a t i o n  

c o n d i t i o n s   and  the   r e s u l t s   a re   shown  in  T a b l e   1 .  





I t   is  to  be  n o t e d   from  T a b l e   1  t h a t   in  the  e x a m p l e s  

c o n t i n u o u s   o p e r a t i o n   for   more  t h a n   90  d a y s   was  c a r r i e d  

ou t   a c c o r d i n g   to  the   p r o c e s s   of  t h i s   i n v e n t i o n .   T h e  

i n s p e c t i o n   a f t e r   s h u t - d o w n   r e v e a l e d   t h a t   t h e r e   was  a l -  

mos t   no  p o l y m e r   d e p o s i t   on  the   w a l l s   of  the   v e s s e l   a n d  

the   s h a f t   of  t h e   s t i r r e r .   A l m o s t   no  g e l   was  found   i n  

t h e   r e s u l t i n g   e t h y l e n e - v i n y l   a c e t a t e   c o p o l y m e r .  

COMPARATIVE  EXAMPLES  1  to  3 

C o n t i n u o u s   p o l y m e r i z a t i o n   was  c a r r i e d   ou t   u n d e r   t h e  

same  c o n d i t i o n s   as  in  E x a m p l e s   1  to   3,  e x c e p t   t h a t   t h e  

v e r t i c a l   w e t t e d - w a l l   m u l t i - t u b u l a r   h e a t   e x c h a n g e r   w a s  

no t   u sed   but   t h e   p o l y m e r i z a t i o n   v e s s e l   was  p r o v i d e d   w i t h  

a  j a c k e t   and  c o i l .   The  vo lume   of  t h e   v e s s e l   was  6 0 0  

l i t e r s ,   and  t h e   h e a t   t r a n s f e r   a r e a   of  t h e   j a c k e t   a n d  

c o i l   was  3  m2.  The  r e m o v a l   of  h e a t   was  a c c o m p l i s h e d   b y  

c i r c u l a t i n g   a  f i x e d   amoun t   of  w a t e r   t h r o u g h   the   j a c k e t  

and  c o i l   and  r e p l e n i s h i n g   w a t e r   a t   a  p r o p e r   f l o w   r a t e  

in  a c c o r d a n c e   w i t h   t he   a m o u n t   of  h e a t   to  be  r e m o v e d .  

E x c e s s   w a t e r   was  d i s c h a r g e d   by  o v e r f l o w i n g .   The  r e s u l t s  

a r e   shown  in  T a b l e   2 .  





I t   is   to  be  n o t e d   f rom  T a b l e   2  t h a t   a f t e r   c o n t i n u o u s  

o p e r a t i o n   f o r   a b o u t   t e n   d a y s   t h e   d i f f e r e n c e   b e t w e e n  

p o l y m e r i z a t i o n   t e m p e a t u r e   T2  and  a v e r a g e   t e m p e r a t u r e   o f  

f ed   and  d i s c h a r g e d   c o o l a n t   b e c a m e   g r a d u a l l y   g r e a t e r   a n d  

i t   b e c a m e   20  to  25°C ,   and  a t   l a s t   a v e r a g e   t e m p e r a t u r e   o f  

f e d   and  d i s c h a r g e d   c o o l a n t   came  c l o s e   to  t h a t   of  t h e  

r e p l e n i s h i n g   c o o l a n t .  

T h i s   means  t h a t   i t   was  i m p o s s i b l e   to  c o n t i n u e   o p e r a t i o n  

any  l o n g e r .   The  i n s p e c t i o n   a f t e r   s h u t - d o w n   r e v e a l e d  

t h a t   t h e r e   was  a  l a r g e   a m o u n t   of  lump  of  p o l y m e r   d e p o s -  

i t e d   on  the   s u r f a c e   of  t h e  j a c k e t  a n d   c o i l   and  t he   s h a f t  

of  t he   s t i r r e r .   Gel  w a s  f o u n d   in  t h e   r e s u l t i n g   e t h y l e n e -  

v i n y l   a c e t a t e   c o p o l y m e r .  



l .   A  p r o c e s s   f o r   c o n t i n o u s l y   p r o d u c i n g  

e t h y l e n e - v i n y l   a c e t a t e   c o p o l y m e r   c o n t a i n i n i n g   20  to  50  

mol%  of  e t h y l e n e   by  i n t r o d u c i n g   e t h y l e n e ,   v i n y l   a c e t a t e ,  

s o l v e n t ,   and  p o l y m e r i z a t i o n   c a t a l y s t   i n t o   a  p o l y m e r i z a t i o n  

v e s s e l ,   c h a r a c t e r i z e d   in   t h a t  

(1)  v i n y l   a c e t a t e   or   a  s o l v e n t  s o l u t i o n   of  v i n y l   a c e t a t e  

is   p a s s e d   t h r o u g h   a  h e a t   e x c h a n g e r   p r o v i d e d   w i t h   a  c o o l i n g  

m e a n s ,   and  s i m u l t a n e o u s l y   e t h y l e n e   d i s c h a r g e d   f rom  t h e  

p o l y m e r i z a t i o n   v e s s e l   i s  p a s s e d   t h r o u g h   s a i d   h e a t   e x c h a n g e r ,  

- so  t h a t   t h e y   come  i n t o  c o n t a c t  w i t h   e a c h   o t h e r   in  s a i d  

h e a t   e x c h a n g e r ,   w h e r e b y   c a u s i n g   t h e   v i n y l   a c e t a t e   or   t h e  

s o l v e n t   s o l u t i o n   of   v i n y l   a c e t a t e   to  a b s o r b   and  s o l u b i l i z e  

e t h y l e n e ,  

(2)  t h e  v i n y l   a c e t a t e   or  t h e   s o l v e n t   s o l u -  

t i o n   o f   v i n y l  a c e t a t e   w h i c h  h a s   a b s o r b e d   and  s o l u b i l i z e d  

e t h y l e n e   t h e r e i n   is  i n t roduced   in to   t h e   p o l y m e r i z a t i o n   v e s s e l ,   a n d  

(3)  t h e   v i n y l   a c e t a t e   or  t h e   s o l v e n t   s o l u t i o n   of  v i n y l   a c e t a t e  

w h i c h   has   a b s o r b e d   and  s o l u b i l i z e d   e t h y l e n e   t h e r e i n   i s   m i x e d   i n  

t h e   p o l y m e r i z a t i o n   v e s s e l   w i t h   t h e   p o l y m e r i z a t i o n   s o l u t i o n ,   t h e  

p o l y m e r i z a t i o n   s o l u t i o n   is   h e a t e d   up  to   t h e  

p r e s c r i b e d   p o l y m e r i z a t i o n   t e m p e r a t u r e ,   a t   w h i c h  

e t h y l e n e  i s  v a p o r i z e d   f r o m  t h e  v i n y l   a c e t a t e   or  t h e   s o l v e n t  

s o l u t i o n   of   v i n y l  a c e t a t e   by  the   a i d   of  t he   h e a t   in  t h e  

p o l y m e r i z a t i o n   v e s s e l ,   and  t h e   v a p o r i z e d  



e t h y l e n e   i s   c i r c u l a t e d   to  t h e   h e a t   e x c h a n g e r .  

2.  The  p r o c e s s   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i z e d   in  t h a t  

v i n y l   a c e t a t e   or   a  s o l v e n t   s o l u t i o n   of  v i n y l   a c e t a t e   i s  

a l l o w e d   to  f l ow  down  in  t he   form  of  t h i n   f i l m   in   t he   h e a t  

e x c h a n g e r   p r o v i d e d   w i t h   a  c o o l i n g   m e a n s .  

3.  The  p r o c e s s   a c c o r d i n g   to   c l a i m   1,  c h a r a c t e r i z e d   in   t h a t  

v i n y l   a c e t a t e   or  a  s o l v e n t   s o l u t i o n   of  v i n y l  

a c e t a t e   i s   a l l o w e d   to  f l o w   down  in  t he   form  of  t h i n  

f i l m  a l o n g  t h e   i n t e r n a l   s u r f a c e  o f   t he   t u b e   of  a  w e t t e d -  

w a l l   m u l t i - t u b u l a r   h e a t   e x c h a n g e r   and  a  c o o l a n t   i s   a l l o w e d  

to   p a s s   o u t s i d e   t h e   t u b e .  

4.  The  p r o c e s s   a c c o r d i n g   to   c l a i m . 1 ,   c h a r a c t e r i z e d   in   t h a t  

t h e   f o l l o w i n g   i n e q u a l i t y   is   e s t a b l i s h e d :  

w h e r e   TI  i s   t h e  t e m p e r a t u r e   (°C)  of  v i n y l   a c e t a t e   or  a  

s o l v e n t   s o l u t i o n   o f  v i n y l   a c e t a t e   b e i n g   i n t r o d u c e d   i n t o  

t h e  p o l y m e r i z a t i o n   v e s s e l  w h i c h   has   a b s o r b e d   and  s o l u b -  

i l i z e d   e t h y l e n e  - t h e r e i n ;   a n d  T 2   i s   t h e   p o l y m e r i z a t i o n  

t e m p e r a t u r e  ( ° C )   i n  t h e   p o l y m e r i z a t i o n   v e s s e l .  
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